may induce cell proliferation [7, 8] . Both cell death as
Here we studied the role of NADPH oxidase, a potential source well as cell proliferation can be modulated by oxygen for oxidase [6] .
Methods and Results. OxLDL dose-dependently (10 to 300
To strengthen our hypothesis that oxidative stress in- turnover, we investigated the role of NADPH oxidase, Low OxLDL concentrations (5 to 10 g/mL) induced proliferaa potential source for O Ϫ 2 formation after OxLDL stimution (detected by 3 H-thymidine incorporation), while higher concentrations (50 to 300 g/mL) induced apoptotic cell death lation, in cell proliferation in HUVEC, and we studied through suppression of the anti-apoptotic gene A20 in
The OxLDL effect on apoptosis was also blocked by antioxi-HUVEC.
dants. Since endothelial cells are protected against apoptosis through anti-apoptotic genes, we investigated whether OxLDL overcomes protection against apoptosis through suppression
METHODS
of the anti-apoptotic gene A20, a zinc-finger protein. OxLDL suppressed the expression of A20 in a dose-dependent manner.
Human LDL was isolated by density gradient ultra- Human umbilical vein endothelial cells (EC) were purchased from Clonetics (Walkersville, MD, USA) and were cultured in endothelial basal medium supplemented with Atherosclerosis shares similarities with chronic inhydrocortisone (1 g/mL), bovine brain extract (12 g/ flammatory diseases [1] , and is characterized by inmL), gentamicin (50 g/mL), amphotericin B (50 ng/mL), creased cellular turnover [2] occurring together with apoepidermal growth factor (10 ng/mL), and 10% fetal calf ptotic and necrotic cell death within an atherosclerotic serum until the third passage. lesion [3] . In the process of atherosclerosis, oxidized lowProliferation of HUVEC was detected by quantification of the DNA synthesis after incubation with 3 Hthymidine. Cells (1 ϫ 10 5 ) were incubated with 3 H-thymi- We hypothesize that oxidized low-density lipoprotein (OxLDL) stimulates, via an as yet undefined mechanism, the p22phox subunit of the membrane-bound NADPH oxidase. Stimulation of O Ϫ 2 formation can be blocked by diphenylene iodonium (DPI) and leads to either cell proliferation or apoptosis, depending on its concentration and exposure time. Antioxidants SOD and catalase prevent both OxLDL-induced cell proliferation and apoptosis. extracted with phenol and chloroform, precipitated with antisense transfection was measured as described recently using the cytochrome c assay [6] . The cells were incubated isopropanol, and resuspended in water. The amount of DNA was determined photometrically, and the content of with OxLDL (100 g/mL) or its respective buffer as control in the presence of 20 mol/L cytochrome c for four 3 H-thymidine as indicator for proliferation was measured in a ␤-counter (Canberra-Packard GmbH, Dreieich, Gerhours. Since the cytochrome c assay was not sensitive enough to detect O Ϫ 2 formation in HUVEC after stimulamany).
To inhibit NADPH oxidase, cells were transfected with tion with lower doses of OxLDL (10 to 50 g/mL), a chemiluminescence assay with lucigenin that reacts spean antisense oligonucleotide against p22phox, a subunit of NADPH oxidase. Specificity of inhibition was tested cifically with O To further strengthen our assumption that O Ϫ 2 forma-(Promega, Madison, WI, USA). PCR products were sepation resulted from enhanced NADPH oxidase activity, rated on a 2% agarose gel and stained with ethidium HUVEC were sense or antisense transfected with an bromide. The following primers were used: 5Ј-CGC CGC antisense oligonucleotide against p22phox, a subunit of GCT CGT CGT CGA CAA CGG CTC C-3Ј forward NADPH oxidase, and O Ϫ 2 formation was determined usand 5Ј-GCA CAG CCT GGA TAG CAA CGT ACA ing the cytochrome c assay. Under basal conditions, sense TGG C-3Ј reverse for actin, 5Ј-CCG GCA ACT TCA and antisense transfected cells produced equal amounts CGC CAG CC-3Ј forward and 5Ј-GGT TCG AGG CAC of O Ϫ 2 . In sense transfected cells, incubation with OxLDL ATC TCT GC-3Ј reverse for A20.
(100 g/mL for four hours) resulted in a significant enhancement of O and catalase g/mL), OxLDL-induced O Ϫ 2 formation could be detected In analogy to the effects of OxLDL on cell proliferaonly using the chemiluminescence assay, since the cytotion, we investigated whether oxidative stress might be chrome c assay was not sufficiently sensitive.
involved in the induction of apoptosis in HUVEC, and incubated the cells with OxLDL in the presence of SOD Oxidized LDL induces proliferation of HUVEC and catalase. DNA fragmentation as index for apoptotic 3 H-thymidine incorporation of HUVEC under basal cell death was not altered by SOD and catalase in control conditions (2% FCS) and after treatment with OxLDL cells. However, exposure to SOD (0.1 mol/L) and cata-(1 to 20 g/mL, 22 hours of incubation) was detected as lase (100 U/mL) abolished the induction of apoptosis ina measure for cell proliferation. OxLDL caused an induced by OxLDL. Thus, stimulation of apoptotic cell crease in proliferation of HUVEC of 250 to 300% with death by OxLDL seems to be mediated by oxidative stress. a maximal effect at 5 g/mL.
OxLDL suppresses the expression of A20 Oxidized LDL induces apoptotic cell death in HUVEC
The proinflammatory stimuli tumor necrosis factor-␣ At higher concentrations, OxLDL induced apoptosis (TNF-␣) and lipopolysaccharide (LPS) enhance the exdose dependently between 100 and 250 g/mL. Treatment pression of the antiapoptotic zinc-finger protein A20 in with 200 g/mL resulted in 75% apoptotic cells, sixfold endothelial cells, which protects the cells against apoptomore than in control cells, and in a minor increase of sis. To test whether OxLDL inhibits A20 expression, and necrotic cell death. thereby overcomes protection against apoptosis, RTPrevention of proliferation in HUVEC by SOD/ PCR was performed with RNA obtained from HUVEC catalase and by diphenylene iodonium that had been stimulated with proinflammatory stimuli together with increasing doses of OxLDL. Constitutive To investigate whether O Ϫ 2 might be involved in the expression of A20 was below detectable levels. Stimulainduction of proliferation in HUVEC, we incubated the tion of HUVEC with TNF-␣ or LPS induced expression cells with OxLDL in the presence of O Ϫ 2 -catabolizing enof A20 that was indeed suppressed by high doses of zymes superoxide dismutase (SOD) and catalase. SOD OxLDL (250 g/mL). Actin as the control for equal (10 U/mL) and catalase (10 U/mL) almost completely prevented the stimulation of proliferation, indicating that amounts of mRNA in the reactions was consistently posi-
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tive. Thus, OxLDL overcomes protection against apo
